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COMBUSTION APPARATUS FOR HIGHLY 
ENERGETIC MATERLALS 

This application is a division of application Ser. No. 
08/755,179, filed Nov. 25, 1996. 

FIELD OF THE INVENTION 

The present invention relates to apparatus for the thermal 
treatment of highly energetic materials, especially waste 
propellants, explosives and pyrotechnics, and for contain 
ment of the exhaust products for Subsequent treatment. 

BACKGROUND 

During the production of rocket fuel, gun propellants, 
explosive devices and pyrotechnic devices, various waste 
materials are generated which must be destroyed, typically 
by combustion, or otherwise disposed of in an environmen 
tally acceptable manner. Combustion of many of these 
materials occurs extremely rapidly generating large Volumes 
of toxic waste gas products which must be treated before 
release to the environment. While many of these materials 
can be burned without detonation, there almost always is a 
risk that detonation may occur. Because of the potential for 
transition of the waste materials from controlled burning to 
uncontrolled detonation and the tremendous Volume of 
exhaust gas products produced during combustion in a very 
Short time, current practice is to ignite the waste material in 
an open container So that the exhaust gas products from the 
combustion are simply exhausted into the atmosphere. Even 
though the exhaust gas products may contain unburned 
waste and particulate materials as well as hazardous or toxic 
components, open container burning of Such waste materials 
has been an acceptable procedure due to the possibility of 
transition to detonation. However, open burning of these 
materials is environmentally undesirable and pressure for 
acceptable alternatives is building. 

Accordingly, it is an object of the invention to provide a 
System Suitable for thermally destroying energetic materials 
which ordinarily will burn yet have the potential for transi 
tion from controlled burning to detonation. 

Another object of the invention is to provide an apparatus 
for containment and Subsequent treatment of exhaust gases 
from an energetic waste material, the ignition of which 
results in a tremendously large Volume of exhaust gas 
products. 

Yet another object of the invention is to provide an 
apparatus which will direct the force of undesired detonation 
of a waste material away from operating perSonnel and other 
equipment So that any damage from detonation is mini 
mized. 

Still another object of the invention is to provide an 
environmentally acceptable System for thermally destroying 
highly flammable waste material while at the Same time 
providing a means to collect and treat the exhaust gas 
products. 

Other objects and advantages of the invention will be 
evident from the ensuing description and appended claims. 

SUMMARY OF THE INVENTION 

With regard to the above and other objects, the present 
invention provides an apparatus for thermally treating highly 
energetic materials which produce Voluminous gaseous 
combustion products. The apparatus comprises a combus 
tion chamber in flow communication with a combustion 
products chamber comprising a gaseous products Zone hav 
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2 
ing an upper and a lower portion via a conduit having an 
open inlet end and an open outlet end wherein the outlet end 
is connected in fluid flow communication with the products 
Zone and the inlet end is connected in fluid flow communi 
cation with the combustion chamber. Gaseous combustion 
products generated by combustion of material in the com 
bustion chamber flow from the combustion chamber to the 
products Zone through the conduit. The upper portion of the 
gaseous products Zone has a volume Sufficient to contain at 
Substantially atmospheric preSSure at least Substantially all 
of the gaseous products generated by combustion of mate 
rials in the combustion chamber. 

An aperture in the combustion products chamber connects 
the lower portion of the products Zone in fluid flow com 
munication with the exterior of the chamber. The outlet end 
of the conduit is positioned to deliver the gaseous combus 
tion products from the combustion chamber into the upper 
portion of the products Zone So that the gaseous combustion 
products displace any gas in the products Zone downwardly 
and out through the aperture. 
AS used herein, the term “combustion” refers to and 

includes any burning, ignition, combustion, pyrolysis, 
explosion or thermal oxidation processes whereby all or a 
portion of the waste material is destroyed and/or reduced to 
a Substantially nonhazardous or non-objectional form. 
The term “highly energetic materials' means materials 

Such as waste explosives or the like which will ignite and 
burn but which have the potential for transitioning between 
controlled burning and uncontrolled detonation. 
A particular advantage of the apparatus of the invention is 

the ability to Substantially contain an energetic material 
which generates a large Volume of exhaust gas products 
when burned. After or during the burning of the material, the 
gaseous combustion products contained in the products Zone 
at Substantially atmospheric pressure may be treated over a 
period of time which is relatively long compared to the time 
the waste is being burned. In most cases, the waste material 
will be substantially completely burned in less than a few 
Seconds, while the combustion products may take consid 
erably longer to treat. The System according to the invention 
therefore incorporates both batch and continuous operations 
in an effective and efficient manner So that release of 
untreated combustion products to the atmosphere is Substan 
tially reduced as compared to current open burning tech 
niques. 
The combustion products chamber and the combustion 

chamber may be in Spatially Separate locations apart from 
one another or may be combined in a Single multizone 
chamber. Accordingly, in another aspect, the invention pro 
vides an apparatus for thermally treating highly energetic 
waste materials which produce Voluminous gaseous com 
bustion products and for containing the gaseous combustion 
products produced by burning the waste materials until the 
combustion products can be treated or disposed of in an 
environmentally acceptable manner. The apparatus com 
prises a multizone chamber having a combustion Zone and 
a combustion products Zone adjacent the combustion Zone 
and a partition between the combustion Zone and the prod 
ucts Zone to Separate the combustion Zone from the products 
Zone. The products Zone has a volume which is preferably 
from about 5,000 to about 25,000 times the volume of waste 
material to be burned and an upper and a lower portion in 
fluid flow communication with the combustion Zone via a 
conduit having an open inlet end and an open outlet end. The 
inlet open end of the conduit is connected in fluid flow 
communication with the combustion Zone and the outlet 
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open end of the conduit is connected in fluid flow commu 
nication with the upper portion of the products Zone So that 
gas products in the combustion Zone generated from com 
bustion of waste material may flow from the combustion 
Zone to the upper portion of the products Zone through the 
conduit. 

An aperture is positioned in the chamber connecting the 
lower portion of the Storage Zone in fluid flow communica 
tion with the exterior of the chamber. The outlet open end of 
the conduit is positioned to deliver gaseous products from 
the combustion Zone into the upper portion of the products 
Zone So that during operation gaseous products delivered 
into the products Zone from the combustion Zone displace 
any gas in the products Zone downwardly and out through 
the aperture. 

In order to provide a products Zone which is adjustable to 
the Volume of gaseous combustion products contained 
therein, it is preferred that the lower portion of the products 
Zone contain a plurality of regularly dimensioned spaced 
apart apertures which are in fluid flow communication with 
the exterior of the chamber. The apertures provide ingreSS 
and egreSS of air into the products Zone upon inflow and 
outflow of combustion gas products from the products Zone. 
An exhaust gas conduit is provided in the upper portion of 
the products Zone which provides fluid flow communication 
between the products Zone and an exhaust gas treatment 
System. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features and advantages of the 
invention will now be further described in the following 
detailed description of a preferred embodiment of the inven 
tion considered in conjunction with the drawings in which: 

FIG. 1 is a diagrammatic view illustrating various features 
of a thermal treatment System in accordance with one 
embodiment of the invention; 

FIG. 2 is a diagrammatic view of another System accord 
ing to the invention wherein the combustion chamber and 
products chamber are in Spatially Separate locations relative 
to one another; 

FIG. 3 is a plan View, not to Scale, illustrating an orien 
tation of Separate combustion chambers relative to a prod 
ucts chamber for use in the FIG. 2 embodiment; and 

FIG. 4 is a diagrammatic view of a System according to 
the invention wherein an combustion chamber and a prod 
ucts chamber are contained within a treatment vessel along 
with quench Sprays for quenching the combustion products 
prior to Storage. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

With reference now to the drawings in which like refer 
ence characters refer to like parts throughout the Several 
Views, there is shown in FIG. 1 an apparatus 10, according 
to the invention, for thermal treatment of energetic material 
comprising a multizone chamber 12 having an combustion 
Zone 14 and a combustion products Zone 16 located above 
the combustion Zone 14 and a partition 15 Separating the 
combustion Zone 14 from the products Zone 16. The com 
bustion products Zone 16 has an upper portion 18 and a 
lower portion 20. 
A conduit 22 having an open inlet end 23 and an open 

outlet end 25 is connected in fluid flow communication with 
the combustion Zone 14 and the products Zone 16. The 
conduit 22 may be a Standpipe which is positioned prefer 
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4 
ably substantially in the center of the products Zone 16. The 
products Zone 16 and conduit 22 preferably have a cylin 
drical or inverted frusto-conical configuration. 

During operation, an energetic material to be treated is 
placed in the combustion Zone 14 through waste material 
inlet acceSS port 24. The waste material may be placed on a 
waste material tray or trough 26 if the waste material is in 
liquid form or otherwise Simply positioned on a lower 
surface of the combustion Zone 14. It is preferred that the 
waste material be positioned near the central area of the 
combustion Zone for the most efficient flow of combustion 
gas products from the combustion Zone 14 to the products 
Zone 16. 

Energetic materials which may be burned or destroyed 
using the System of the invention include energetic wastes 
from production of military ordnance items, demilitarized 
ordnance items, outdated or obsolete ordnance or commer 
cial explosives, and the like. The materials may also com 
prise chemicals used in propellants, explosives, 
pyrotechnics, waste Solvents, Sawdust, paper, Wood, plastic, 
metal, water, diesel fuel or other materials contaminated 
with energetic materials. Most of these materials generate a 
Substantial Volume of gaseous combustion products when 
burned. Containment and treatment of these exhaust gas 
products by conventional techniques is not only technically 
difficult, it is very expensive and often less than fully 
effective. 

An important feature of the invention is that the lower 
portion 20 of products Zone 16 contains an aperture 28, 
preferably a plurality of Spaced apart apertures 28 which are 
in fluid flow communication with the exterior of the multi 
Zone chamber 12. Aperture 28 provide ingreSS and egreSS of 
gas into the products Zone 16 during passage of combustion 
exhaust products out of and into the products Zone 16, 
respectively. Accordingly, as the combustion gas products 
are generated, they displace gas in the lower portion 20 of 
the products Zone 16, which gas is generally cooler and thus 
denser than the gaseous combustion products. Because of a 
difference in density between the hot combustion products 
and the cooler gas in the lower portion 20 there is an 
interface 30 between the hot combustion products and the 
cooler gas. It is preferred that the Volume of the upper 
portion 18 of the products Zone 16 be adequate to contain 
Substantially all of the combustion products at Substantially 
atmospheric pressure So that the interface 30 remains Sub 
stantially above aperture 28 to prevent substantially all of 
the combustion products from escaping the products Zone to 
the atmosphere. 
The upper portion 18 of the products Zone 16 contains an 

exhaust gas conduit 32 providing gaseous flow communi 
cation between the upper portion and an exhaust gas treat 
ment system 42 (FIG. 3). The exhaust gas treatment system 
42 is used to treat the exhaust gas 34 exiting the products 
Zone 16 before discharge of the treated exhaust gas to the 
atmosphere. The treatment System 42 may include Separa 
torS Such as cyclone separators or bag houses for removal of 
particulate material from the exhaust gas 34, absorption, 
adsorption or extraction Systems and/or a Secondary burner 
for removal of hazardous or toxic materials from the exhaust 
gas 34 before it is discharged to the atmosphere. 

In operation, as the energetic material in the combustion 
Zone 14 is combusted, vapors and gaseous combustion 
products resulting from the combustion of the materials 
travel from the combustion Zone 14 through the conduit 22 
into the upper portion 18 of the products Zone 16 thereby 
displacing the cooler gas in the lower portion 20 of the 
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products Zone 16. During the combustion operation, gas in 
the lower portion 20 is displaced from the products Zone 
through aperture 28 to the exterior of the chamber 12. On a 
continuous or Semicontinuous basis, the gaseous combustion 
products in the upper portion 18 are removed at a relatively 
Slow rate through conduit 32 to the treatment System. 
Accordingly, after completion of the combustion of a batch 
of energetic materials, gas external to the chamber 12 
migrates into the lower portion 20 of the products Zone 16 
through aperture 28 to displace an equal Volume of gaseous 
combustion products as the combustion products are 
removed from the upper portion 18 on an essentially con 
tinuous basis. 

Another important aspect of the invention is the use of 
conduit 22 having an open inlet end 23 and an open outlet 
end 25 connected in fluid flow communication with the 
combustion Zone 14 and the upper portion 18 of the products 
Zone 16 respectively. The conduit 22 is preferably a stand 
pipe which has a Size and configuration and is positioned in 
the products Zone 16 So that there is essentially no turbu 
lence during the delivery of gases generated by the ignition 
of energetic materials to the upper portion 18 of the products 
Zone 16, thereby minimizing the intermixing of the gaseous 
combustion products and cooler gas in the lower portion of 
the products Zone. Because the intermixing of gaseous 
combustion products and cooler gas in the lower portion 20 
of the products Zone 16 is minimized, the interfacial layer 30 
between the hot combustion gas products and cooler gas will 
be maintained So that only the cooler gas remains essentially 
below interface 30 thereby substantially preventing com 
bustion products from exiting the products Zone 16 through 
aperture 28. 

For a substantially cylindrical products Zone 16 and 
conduit 22, it is preferred that the conduit have a croSS 
Sectional dimension which is from about /s to about 1/20 that 
of the croSS-Sectional dimension of the products Zone 16. 
The conduit 22 may also have a frusto-conical shape 
wherein the diameters at opposing ends of the conduit are 
different and each diameter of the conduit may be from 
about/s to about/20 of the diameter of the products Zone 16. 

Regardless of the particular diameter Selected for conduit 
22 within the above described dimensions, it is preferred that 
conduit 22 have a length which is from about 60 to about 90 
percent, preferably about 80 percent, of the height of the 
products Zone 16 in order to reduce the intermixing of cooler 
gas in the lower portion 20 of the products Zone 16 with hot 
exhaust gas products in the upper portion 18 of the products 
Zone 16. 

Furthermore, the height of the products Zone 16 is pref 
erably Selected So that interface 30 always remains essen 
tially above aperture 28 during the combustion of the waste 
materials thereby preventing escape of combustion products 
from the chamber 12. While the diameter and height of the 
products Zone 16 depends on how fast the exhaust gas 
products may be removed from the products Zone 16 for 
treatment and the Volume of waste gas generated per Volume 
of energetic material to be destroyed, it is preferred that the 
products Zone have a Suitable Volume to handle a volumetric 
increase upon combustion of from about 5,000 to about 
25,000 times the volume of energetic material to be 
destroyed, most preferably from about 6,000 to about 20,000 
times the volume of the material to be destroyed. 

FIG. 2 illustrates an alternative embodiment of a thermal 
treatment system 10' of the invention. In this illustration, one 
or more combustion chambers 14 are located remote from 
the containment chamber 12". AS in the previous 
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6 
embodiment, the containment chamber 12" has a combustion 
products Storage Zone 16" having an upper portion 18 and a 
lower portion 20'. A partition 15" separating the products 
Zone 16" from a combustion chamber isolation Zone 36. A 
conduit 22" having an open inlet end 23' and an open outlet 
end 25" is connected in fluid flow communication with the 
isolation Zone 36 and the upper portion 18' of the products 
Zone 16'. 
The isolation Zone 36 contains combustion chamber iso 

lation devices 38 such as a water valves. Although not 
preferred, mechanical isolation valves may also be used to 
block the flow from the combustion chamber 14 through 
conduit 40 to the isolation Zone 36. When a plurality of 
combustion chambers 14' are used, isolation Zone 36 typi 
cally contains a plurality of water valves 38 for preventing 
and permitting exhaust gas products flow from Selected 
combustion chambers 14' into the isolation Zone 36 of the 
containment chamber 12'. 

One or more liquid quench sprayS 43 may be used to 
quench the exhaust gas products prior to the exhaust gas 
products entering the isolation Zone 36 of the containment 
chamber 12" So that high temperature materials of construc 
tion are not required for the containment chamber 12" and 
asSociated equipment. The quench sprayS 43 are preferably 
located in conduit 40 near the containment chamber 12' So 
that the quench liquid flows into the lower portion of the 
chamber 12'. Liquid from the quench Sprays may be used to 
raise the liquid level in the water valve 38 associated with 
the conduit 40 leading from an operative combustion cham 
ber 14'. 

Liquid for the quench SprayS 43 may be Supplied as 
recirculated liquid via pumps 44 from a Sump area 46 in the 
isolation valve Zone 36 to the SprayS 43 and/or to an quench 
liquid Storage vessel 48 which provides liquid to the SprayS 
43 by gravity feed. In the alternative, the quench liquid for 
the sprays 43 may be provided by any other suitable means 
known to those of ordinary skill. Recirculation of liquid 
from the isolation Zone 36 is preferred in order to reduce the 
amount of liquid which may become contaminated with 
exhaust gas products and which may require treatment 
before being discharged from the System. 

Each water valve 38 may be individually controlled to 
permit or prevent flow therethrough from one or more 
combustion chambers 14 by draining or filling the water 
valve 38 as desired so that it effectively regulates gas flow 
through conduit 40. In order to lower the liquid level in the 
water valve 38, a conduit drain 50 and valve (not shown) 
may be provided in association with each water valve which 
may be opened to drain and thus lower the liquid level in the 
water valve 38 so that the exit 54 of conduit 40 is above the 
liquid level of water. The water drained from the water valve 
may be directed into a common Sump area 46. 
Once the liquid level in the water valve 38 is lowered, the 

exhaust gas in conduit 40 is in flow communication with the 
isolation Zone 36. By Selectively raising and lowering the 
water level in one or more water valves 38, the flow and thus 
Volume of gas entering the containment chamber 12" may be 
Selectively controlled. In practice, it is preferred to operate 
one combustion chamber 14 at a time by lowering the liquid 
level in only the water valve 38 associated with the operative 
combustion chamber 14'. Upon completion of combustion of 
the waste material in the combustion chamber, the water 
valve 38 may be closed by raising the level of liquid in the 
valve 38, and second combustion chamber associated with 
Second water valve may be operated as described above So 
that Second combustion chamber is in flow communication 
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with the isolation Zone 36 of the containment chamber 12'. 
For lower Volumes of gaseous combustion products, Several 
combustion chambers may be operated at one time by 
lowering the water level in the associated valves. 
AS the gaseous combustion products flow from the iso 

lation Zone 36 through the Standpipe 22' into the upper 
portion 18' of the products Zone 16', cooler gas in the lower 
portion 20' of the products Zone 16' is displaced through a 
plurality of apertures 28' to the atmosphere external to the 
chamber 12'. During removal of the exhaust gas products 
from the upper portion 18' of the products Zone 16", gas 
external to the chamber 12' enters the lower portion 20" via 
apertures 28' and displaces an equivalent Volume of exhaust 
gas products. In this way, Substantially all of the combustion 
products are contained during burning of the waste materials 
So that the impact on the environment is minimized. 

FIG. 3 illustrates a preferred plot plan arrangement for a 
thermal treatment system 10" according to the invention. 
The system includes a plurality of combustion chambers 14" 
radially disposed relative to the containment chamber 12" in 
Spatially Separate locations remote from chamber 12". 
Exhaust gas products from the containment System 12" are 
conducted by exhaust gas conduit 30" to the treatment 
System 42 for treatment and removal of any toxic, hazardous 
and/or particulate material from the exhaust gas products. 
The treatment System 42 may comprise a Scrubber, 
incinerator, baghouse, electrostatic precipitator, absorber or 
a combination of two or more of the foregoing treatment 
Systems. 

The intra line distance between combustion chambers 14" 
and between a combustion chamber 14" and the containment 
chamber 12" is preferably selected so that undesired deto 
nation of waste in one of the combustion chambers will not 
damage or destroy an adjacent combustion chamber or the 
containment chamber 12". Criteria for determining the haz 
ards associated with burning energetic waste materials. So 
that the intra line distances may be calculated include the 
hazard analysis procedures contained in the System Safety 
Program Requirements of MIL-STD 882C and NAVSEA 
Operating Procedure No. 5, Vol. 1. For example, the intra 
line distance between combustion chambers is calculated by 
the equation ID=6W, and the intra line distance between a 
combustion chamber and the containment chamber is deter 
mined by the equation ID=9W/ where W is the TNT 
equivalent weight of the waste material being burned as Set 
forth in AMCP706-177 and ID is the intra line distance in 
feet. The design of the combustion chamber walls and roof 
is generally in accordance with well known civil engineering 
design techniques. 

FIG. 4 is a diagrammatic illustration of another alternative 
thermal treatment System 10" according to another aspect of 
the invention. In the system 10" shown in FIG. 4, there is a 
multizone chamber 12" having a combustion Zone 14" and 
a combustion products Zone 16". The products Zone 16" is 
located above the combustion Zone 14" and is separated 
therefrom by a partition 15" therebetween. The products 
Zone 16" contains an upper portion 18" and a lower portion 
20". A standpipe 22" having an open inlet end 23" in flow 
communication with the combustion Zone 14" and an open 
outlet end 25" in flow communication with the upper 
portion 18" is located in the products Zone 16". 

During operation of the thermal treatment system 10" of 
FIG. 4, waste material to be treated is placed into the 
combustion Zone 14", preferably on a burn pan 26" for 
ignition and burning of the waste. AS the waste material is 
burned, combustion products are directed into the Standpipe 
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8 
22" by a fume collection device 56. The fume collection 
device 56 directs the combustion products upward through 
the standpipe 22" into the upper portion 18" of the products 
Zone 16". 
Quench sprays 58 along the flow path of the combustion 

products flowing through the Standpipe 22" provide cooling 
of the combustion products before the combustion products 
enter the products Zone 16". The quench sprays 58 are fed 
by quench liquid distribution headers 60. The liquid sprayed 
into the combustion products is directed to the combustion 
Zone 14" on the outside Surface areas of the fume collection 
device 56 thereby cooling the collection device 56. 
AS the quench liquid collects in the lower portion 62 of 

the combustion Zone 14" the liquid is pumped by pump 64 
to quench liquid Storage vessel 66. Because heat is absorbed 
by the quench liquid as it contacts the gaseous combustion 
products, it may be desirable to use a heat eXchange device 
(not shown) for cooling the quench liquid prior to feeding 
the quench liquid through conduit 68 to the quench sprays 58 
or Storage vessel 66. 
AS with the previous embodiments, the combustion prod 

ucts are Stored in the products Zone 16" during the waste 
burning Step. Combustion products in the products Zone may 
be treated at a Slow rate by transferring the combustion 
products from products Zone 16" to an exhaust gas treatment 
system 42 (FIG.3) while cooler gas external to the products 
Zone 16" is drawn into the lower portion 20" of the products 
Zone through apertures 28" thereby maintaining a constant 
Volume of gaseous material in the products Zone 16". 
Likewise, as the combustion products are being generated, 
cooler gas is displaced from the lower portion 20" of the 
products Zone 16" through apertures 28" to the atmosphere 
external to the products Zone. 

After the waste burning operation is completed or 
between waste burning operations, the combustion products 
in the upper portion 18" of the products Zone 16" are 
removed through conduit 32" to treatment system 42 (FIG. 
3). As the combustion products are removed and treated, 
ambient gas from the atmosphere external to the products 
Zone 16" enters the lower portion 20" of the products Zone 
16" through apertures 28" so that an interface 30" is 
maintained between the hotter combustion gas products in 
the upper portion 18" and the cooler gas in the lower portion 
20" of the products Zone 16". 

Because the above described Systems contain Substan 
tially all of the combustion products generated during the 
burning of energetic waste materials, there are significant 
advantages to the use of the apparatus of the present inven 
tion which provides a System for Suitably treating energetic 
waste materials without adversely affecting the environ 
ment. 

Having described and illustrated preferred embodiments 
of the invention, it will be appreciated that various 
modifications, rearrangements and Substitutions made to the 
invention by those of ordinary skill are within the spirit and 
Scope of the appended claims. 
What is claimed is: 
1. An apparatus for thermally treating highly energetic 

materials which produce Voluminous gaseous combustion 
products, the apparatus comprising: 

one or more remote combustion chambers for burning 
energetic materials. each of Said one or more combus 
tion chambers being connected to and in fluid flow 
communication with a combustion products chamber 
containing a gaseous products Zone, Said gaseous prod 
ucts Zone having an upper portion and a lower portion 
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insert b1 via a conduit having an open inlet end and an 
open outlet end wherein the outlet end is connected to 
and in fluid flow communication with the products Zone 
and the inlet end is connected to and in fluid flow 
communication with the one or more combustion 
chambers So that gaseous combustion products gener 
ated by combustion of material in the one or more 
combustion chambers may flow from the one or more 
combustion chambers to the products Zone through the 
conduit, wherein the upper portion of the gaseous 
products Zone has a volume Sufficient to contain at 
Substantially atmospheric pressure at least Substantially 
all of the gaseous combustion products, and 

an aperture in the combustion products chamber said 
aperture connecting the lower portion of the products 
Zone with the exterior of the said products chamber 
insert b2 wherein the outlet end of the conduit is 
positioned to deliver the gaseous combustion products 
from the one or more combustion chambers into the 
upper portion of the products Zone So that the gaseous 
combustion products displace any gas in the products 
Zone downwardly and out through the aperture. 

2. The apparatus of claim 1 wherein Said products Zone 
has a volume which is from about 5,000 to about 25,000 
times the Volume of the energetic materials to be burned. 

3. The apparatus of claim 1 wherein the apparatus con 
tains one or more isolation Valves for isolating Said one or 
more remote combustion chambers from the products cham 
ber. 

4. The apparatus of claim 1 wherein the conduit is a 
Standpipe having a circular cross-section and a diameter 
which is from about /s to about /20 that of a corresponding 
croSS-Sectional dimension of the products Zone. 

5. The apparatus of claim 1 wherein the upper portion of 
the products Zone is of Sufficient volume to contain Substan 
tially all of the gaseous combustion products above the 
aperture. 

6. The apparatus of claim 1 wherein the products Zone is 
a cylindrical chamber. 

7. The apparatus of claim 6 wherein the conduit is a 
cylindrical conduit having a length which is between about 
60 to about 90 percent of the height of the products Zone. 

8. The apparatus of claim 1 wherein the conduit is a 
cylindrical conduit having a length which is about 80 
percent of the height of the products Zone. 

9. The apparatus of claim 1 wherein the apparatus con 
tains a quench liquid Spray for quenching the combustion 
products produced by the burning of energetic materials. 

10. The apparatus of claim 1 wherein the aperture com 
prises a plurality of Spaced apart apertures. 

11. An energetic material ignition and combustion prod 
ucts containment System for highly energetic materials com 
prising: 

a combustion chamber having an energetic material inlet 
and a combustion products transfer conduit connected 
to and in fluid flow communication with a containment 
chamber remote from the combustion chamber, Said 
containment chamber containing an isolation Zone with 
a combustion products Zone adjacent the isolation Zone 
and a partition therebetween to Separate the isolation 
Zone from the products Zone, Said products Zone having 
an upper portion and a lower portion in fluid flow 
communications with one another; 

a Standpipe having an open inlet end and an open outlet 
end, Said inlet end connected to and in fluid flow 
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communication with Said isolation Zone and Said outlet 
end connected to and in fluid flow communication with 
Said upper portion of Said products Zone So that gaseous 
combustion products entering Said isolation Zone from 
Said combustion chamber may flow from Said isolation 
Zone to Said upper portion of Said products Zone 
through Said Standpipe; and 

an aperture in Said containment chamber connecting Said 
lower portion of said products Zone in fluid flow 
communication with the exterior of the containment 
chamber, wherein Said outlet end of Said Standpipe is 
positioned to deliver gaseous combustion products into 
the upper portion of Said products Zone from Said 
combustion Zone So that the combustion products dis 
place gas in Said products Zone downwardly and out 
through Said aperture. 

12. The system of claim 11 wherein the products Zone has 
a volume which is more than about 6,000 times and less than 
about 20,000 times the volume of the energetic materials 
being combusted. 

13. The system of claim 11 wherein the standpipe has a a 
circular cross-section and a diameter which is from about /s 
to about /20 that of a corresponding cross-sectional dimen 
Sion of the combustion products Zone. 

14. The system of claim 11 wherein the upper portion of 
the products Zone is of Sufficient volume to contain Substan 
tially all of the gaseous combustion products above the 
aperture. 

15. The system of claim 11 wherein the products Zone is 
a cylindrical chamber. 

16. The system of claim 15 wherein the standpipe is a 
cylindrical conduit having a length which is between about 
60 and about 90 percent of the height of the products Zone. 

17. The system of claim 11 wherein the standpipe is a 
cylindrical conduit having a length which is about 80 
percent of the height of the products Zone. 

18. The system of claim 11 containing a plurality of water 
Valves in the isolation Zone, a plurality of combustion 
chambers and a plurality of transfer conduits connecting the 
combustion chambers in fluid flow communication with the 
water valves in the isolation Zone. 

19. The system of claim 18 wherein the combustion 
chambers and transfer conduits are radially disposed in a 
Spaced relationship with the containment chamber. 

20. A combustion System for containing exhaust gas 
products resulting from ignition of an energetic material, the 
combustion System comprising: 

an expansion chamber containing a gas and having an 
upper portion and a lower portion and a plurality of 
Spaced apertures in Said lower portion in fluid flow 
communication with the exterior of the chamber for 
ingreSS and egreSS of gas into the chamber upon inflow 
and outflow of gaseous combustion products in the 
expansion chamber; 

an isolation chamber disposed adjacent the expansion 
chamber, Said isolation chamber containing isolation 
Valves, 

a partition disposed between the expansion chamber and 
the isolation chamber for Separating the expansion 
chamber from the isolation chamber; 

a Standpipe having an open inlet end and an open outlet 
end, Said inlet end connected to and in fluid flow 
communication with Said isolation chamber and Said 
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outlet end connected to and in fluid flow communica 
tion with Said upper portion of Said expansion chamber 
So that gaseous combustion products from Said isola 
tion chamber may flow from said isolation chamber to 
Said upper portion of Said expansion chamber through 
Said Standpipe; 

a plurality of remote combustion chambers and combus 
tion products transfer conduits, each of Said conduits 
connected to and in fluid flow communication with one 
of said combustion chambers and also in fluid flow 
communication with Said isolation chamber, and 

a plurality of isolation valves in Said isolation chamber for 
isolating or Selecting a combustion chamber for fluid 
flow communication with the combustion chamber and 
the expansion chamber. 

21. The system of claim 20 wherein the expansion cham 
ber has a volume which is more than about 6,000 times and 
less than about 20,000 times the volume of the energetic 
materials being ignited. 

22. The system of claim 20 wherein the standpipe has a 
circular croSS-Section and a diameter which is from about /s 

15 

12 
to about /20 that of a corresponding cross-sectional dimen 
Sion of the expansion chamber. 

23. The system of claim 20 wherein the upper portion of 
the expansion chamber is of Sufficient Volume to contain 
Substantially all of the exhaust gas products above Said 
apertures. 

24. The system of claim 20 wherein the expansion cham 
ber has a cylindrical configuration. 

25. The system of claim 24 wherein the standpipe is a 
cylindrical conduit having a length which is between about 
60 and about 90 percent of a height of the expansion 
chamber. 

26. The system of claim 20 wherein the standpipe is a 
cylindrical conduit having a length which is about 80 
percent of the height of the expansion chamber. 

27. The system of claim 20 wherein the isolation valves 
are water Valves. 

28. The system of claim 20 wherein the combustion 
chambers are radially disposed in a Spaced relationship with 

20 the expansion chamber. 
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